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Optical fiber chromatic dispersion distribution measuring apparatus and measuring method 



(54) 



(57) An apparatus for measuring the chromatic dis- 
persion profile of an optical fiber using two light sources 
1 and 2 at least one of which is tunable in wavelength, 
in which two light beams of different wavelengths from 
said two light sources are injected into a optical fiber 
under test 7 and the four-wave mixing light that is gen- 



erated by interaction between said light beams of differ- 
ent wavelengths is measured with an optical time do- 
main reflectometer (OTDR) 9, characterized in that an 
optical bandpass filter 8 having a fixed central frequency 
is provided at a stage upstream of said optical time do- 
main reflectometer (OTDR). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] The present invention relates to an optical fiber 
chromatic dispersion distribution measuring apparatus 
for measuring thechromatic dispersion distribution of an 
optical fiber and a measuring method. 10 

2. Description of the Related Art 

[0002] It is known that when two pulse light beams 
having different wavelengths X,, X^from each other are '* 
simultaneously inputted to an optical fiber under test, 
four-wave mixing light beams are generated due to in- 
teraction between the two inputted pulse light beams. 
[0003] A relation among the wavelengths X., , Xg of the 
pulse light beams and wavelengths X3, X 4 of the (our- 20 
wave mixing light beams is shown in Fig. 2. 
[0004] In Fig. 2, the longitudinal axis indicates the 
wavelength of each of light beams and the transverse 
axis indicates the intensity of each of light beams. Sym- 
bols a and b indicate the pulse light beams having the 25 
wavelength X, and Xj, respectively. Symbols cand d in- 
dicate the four-wave mixing light beams having wave- 
lengths \ and X 4 , respectively. The wavelengths X., , Xg, 
X3, and X 4 satisfy the following relation: 

30 

X, - Xg = X 4 - Xj = Xj - X! = Xo (Xo is about 5 to 1 0 nm) 

[0005] An interval between the wavelengths of the 
pulse light beams (that is, X^ - X, = X^) is the smaller, 
the intensity of the four-wave mixing light beams are the 35 
larger. 

[0006] An optical fiber chromatic dispersion distribu- 
tion measuring apparatus according to a related art ex- 
tracts either one of the four-wave mixing light beams 
having the wavelengths Xg and X 4 , that are reflected *o 
from the optical fiber under test, by an optical bandpass 
filter having a variable center wavelength to execute 
measurement of thechromatic dispersion distribution of 
the optical fiber under test. 

[0007] However, due to a mechanical structure of the ■** 
optical bandpass filter having the variable center wave- 
length, a loss caused by inserting the optical bandpass 
filter having the variable center wavelength is more than 
10 dB to decrease the measurement sensitivity. 
[0008] In case of compensating the loss, which Is so 
caused by inserting the optical bandpass filter having 
the variable center wavelength, by using an optical am- 
plifier, the configuration of the apparatus becomes com- 
plicate. 

55 

SUMMARY OF THE INVENTION 

[0009] An object of the invention is to provide an op- 



tical chromatic dispersion distribution measuring appa- 
ratus having a simple structure, enabling to change an 
interval of wavelengths of two inputted pulse light 
beams, and having high measurement sensitivity. 
[0010] According to a first aspect of the invention, 
there Is provided an optical fiber chromatic dispersion 
distribution measuring apparatus comprising: 

two light sources for outputting light beams having 
different wavelengths from each other, respectively, 
to an optical fiber under test; 
an optical time domain reflectometer for measuring 
four-wave mixing light beams generated by an in- 
teraction of the light beams inputted to the optical 
fiber under test; and 

an optical bandpass filter having a fixed center 
wavelength, 

wherein at least one of the two light source is a tun- 
able light source; 

the optical bandpass filter Is disposed at a previous 
stag© of the optical time domain reflectometer. 

[0011] According to a second aspect of the invention, 
there is provided an optical fiber chromatic dispersion 
distribution measuring apparatus comprising: 

two light sources for outputting CW light beams hav- 
ing different wavelengths from each other, respec- 
tively; 

an optical coupler for combining a plurality of light 

beams; 

a modulator; 

an optical fiber amplifier; 

a directional coupler; 

an optical fiber under test; 

an optical bandpass filter having a fixed center 
wavelength; and 

an optical time domain reflectometer; 
wherein at least one of the two light source is a tun- 
able light source; 

the two light sources output the CW light beams to 
the optical coupler; 

the optical coupler combines the CW light beams 
and outputs the combined CW light beams to the 
modulator; 

the modulator modulates the CW light beams input- 
ted from the optical coupler to generate pulse light 
beams having different wavelengthsfrom each oth- 
er and outputs the pulse light beams to the optical 
fiber amplifier; 

the optical fiber amplifier amplifies the pulse light 
beams and outputs the amplified pulse light beams 
to the directional coupler; 

the directional coupler outputs the pulse light 
beams inputted from the optical fiber amplifier to the 
optical fiber under test and outputs a light beam in- 
putted from the optical fiber under test to the optical 
bandpass filter; 
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four-wave mixing light beams are generated in the 
optical fiber under test due to an interaction of the 
light beams inputted from the directional coupler 
and is outputtod to the directional coupler; 
the optical bandpass filter extracts a light beam 
within a specific band from the light beam inputted 
from the directional coupler and outputs the extract- 
ed light beam to the optical time domain refelectom- 
eter; and 

the optical time domain reflectometer measures the 
chromatic dispersion distribution of the extracted 
light beam. 

[0012] According to a third aspect of the invention, 
there Is provided the optical fiber chromatic dispersion 
distribution measuring apparatus according to the sec- 
ond aspect of the invention wherein the four-wave mix- 
ing light beams are a light beam generated in lower fre- 
quency side than the pulse light beams and a light beam 
generated in higher frequency side than the pulse light 
beams; and 

[0013] only one of the four-wave mixing light beams 
is within the specific band of the optical bandpass filter. 
[0014] According to a fourth aspect of the invention, 
there is provided an optical fiber chromatic dispersion 
distribution measuring method comprising the steps of: 

outputting two light beams having different wave- 
lengths from each other, respectively, to an optical 
fiber under test; 

generating two four-wave mixing light beams in the 
optical fiber under test; 

measuring one of the two four-wave mixing light 
beams to obtain the chromatic dispersion distribu- 
tion of the optical fiber under test. Thus, even if the 
wavelengths of the light beams from the two light 
sources are changed, the optical fiber dispersion 
can be measured without lowering the measure- 
ment sensitivity. 

[0015] According to a fifth aspect of the invention, 
there is provided an optical fiber chromatic dispersion 
distribution measurement method comprising the steps 
of: 

outputting two CW light beams having different 

wavelengths from each other; 

combining the CW light beams; 

modulating the CW light beams to generate two 

pulse light beams having the different wavelengths 

from each other; 

amplifying the pulse light beams; 

inputting the pulse light beams to an optical fiber 

under test to generate two four-wave mixing light 

beams; 

extracting one of the four-wave mixing light beams; 
and 

measuring the one of the four-wave mixing light 



beams to obtain the chromatic dispersion distribu- 
tion of the optical fiber under test. 

[0016] According to a sixth aspect of the invention, 

s there is provided the method according to the fifth as- 
pect of the invention, further comprising the steps of ad- 
justing both wavelengths of the two light beams so that 
wavelength of the one of the four-wave mixing light 
beams coincides with a center wavelength of an optical 

10 bandpass filter having a fixed center wavelength for ex- 
ecuting the extracting step. Thus, the wavelength of the 
four-wave mixing light beam is matched to the center 
wavelength of the optical bandpass filter more freely 
[0017] According to a second aspect of the invention, 

'5 there is provided the method according to the sixth as- 
pect of the invention, wherein interval between the 
wavelengths of the two CW light beams is held in the 
adjusting step. Thus, adjustment can be done while 
holding the intensity of the four-wave mixing light beam 

20 constant. 

[0018] According to an eighth aspect of the invention, 
there is provided the method according to the fifth as- 
pect of the invention, wherein ratio of the intensity of the 
two CW light beams is approximately 2:1 . Whereby the 
25 optical fiber wavelength dispersion can be measured 
without any measurable variations in frequency under 
observation. 
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BRIEF DESCRIPTION OF THE DRAWING 



[0019] 

Fig. 1 is a drawing showing a configuration of an 
optical fiber chromatic dispersion distribution meas- 

35 uring apparatus according to the invention. 

Fig. 2 Is a drawing showing a relation in wavelength 
among a light beam having wavelength from a 
light source 1, a light beam having wavelength X2 
from a light source 2, and a four-wave mixing light 

40 beam. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 [0020] An optical fiber chromatic dispersion distribu- 
tion measuring apparatus according to the invention will 
be given with reference to Fig. 1. 
[0021] In Fig. 1, reference numeral 1 denotes a first 
light source (distributed feedback laser diode (DFB 

so LD)), reference numeral 2 denotes a second light source 
(DFB LD), and reference numeral 3 denotes an optical 
coupler (Polarization Maintaining Fiber (PMF) Coupler 
Unit) for combining a plurality of light beams. 
[0022] Reference numeral 4 denotes an acousto-op- 

55 tic element (first acousto-optic (AO) switch), reference 
numeral 5 denotes an optical fiber amplifier (Optical Fib- 
er AMP), reference numeral 6 denotes a directional cou- 
pler (second acousto-optic (AO) switch, reference nu- 
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meral 7 denotes a optical fiber undertest, reference nu- 
meral 8 denotes an optical bandpass filter (Optical 
BPF), and reference numeral 9 denotes an optical time 
domain reflectometer (OTDR). 

[0023] The light sources 1 , 2 output continuous wave * 
(CW) light beams having wavelengths X v Xj to the op- 
tical coupler 3, respectively. The wavelengths X, and Xj 
are different from each other. The optical coupler 3 com- 
bines the CW light beams to output the combined CW 
light beams to the acousto-optic element 4. The acous- 10 
to-optic element 4 modulates the CW light beams to 
generate pulse light beams having wavelength X v X^, 
respectively, and outputs the pulse light beams to the 
optical fiber amplifier 5. The optical fiber amplifier 5 am- 
plify the pulse light beams and outputthe amplified pulse '5 
light beams to the directional coupler 6. The directional 
coupler 6 outputs the pulse light beams Inputted from 
the optical fiber amplifier 5 to the optical fiber under test 
7 and outputs a light beam inputted from the optical fiber 
under test 7 to the optical bandpass filter 8. The optical 20 
bandpass filter 8 extracts and outputs a light beam with- 
in a specific band to the optical time domain reflectom- 
eter 9. The optical time domain reflectometer 9 meas- 
ures the extracted light beam from the optical bandpass 
filter 8 to execute measurement of the chromatic disper- 25 
sion distribution of the optical fiber under test 7. 
[0024] At least one of the light sources 1, 2 can 
change the wavelength of the light beam outputted 
therefrom (that is, at least one of the light sources 1 , 2 
is a variable light source). so 
[0025] When a pulse light beam having wavelength 
X 1 and an optical pulse having wavelength are input- 
ted to the optical fiber under test 7, four-wave mixing 
light beams are generated In that fiber under test 7 by 
the interaction between backscattered light beams of 
the two pulse light beams. 

[0026] In this case, a relation among the inputted light 
beams having wavelengths X 1p A^ and the four-wave 
mixing light beams is the same as the related art and is 
shown in Fig. 2. *» 
[0027] In Fig. 2, the horizontal axis of the graph indi- 
cates the wavelength of an pulse light beam and the ver- 
tical axis Indicates the Intensity of the pulse light beam. 
Symbols a and b indicate the inputted pulse light beams 
having the wavelength X,, A^, respectively and the *s 
wavelengths X t and X^ satisfy the following relationship: 

X2 - X, = Xq (where Xq Is about 5 - 10 nm). 

[0028] Symbols c and d indicate thefour-wave mixing so 
light beams generated by the interaction between the 
two light beams having the wavelengths X, , Xj, respec- 
tively. The four-wave mixing light beams have wave- 
lengths A3 and X 4 , which satisfy the following relation- 
ship: S5 

X-j - Xj — X 4 - X2 = X2 - X^ ■ Xq 



[0029] Interval between the wavelengths of the input- 
ted light beams {X 2 -X- t = Xq) is the smaller, the intensity 
of the four-wave mixing light beams (the light beams 
having the wavelength X3 and X 4 ) is the larger. 
[0030] One of the four-wave mixing light beams hav- 
ing the wavelengths X3 and A 4 generated by the inter- 
action between the backscattered light beams of the 
pulse light beams having the different wavelengths X, 
and Xj is extracted by the optical bandpass filter 8 and 
measured with the optical time domain reflectometer 
(OTDR) to measure the chromatic dispersion distribu- 
tion of the optical fiber undertest 7. 
[0031] At this time, in order to increase the measure- 
ment sensitivity in the optical time domain reflectometer 
(OTDR), it is necessary to accurately extract the four- 
wave mixing light beam (X3 or X 4 ) by the optical band- 
pass filter 8. 

[0032] To accurately extract the fou r-wavc mixing lig ht 
beam (X 3 ), the extraction band of the optical bandpass 
filter may be comparatively broad so long as the interval 
between the four-wave mixing light beam (Xg) and the 
adjacent light beam (X,) is large. However, this makes 
the interval between the light beams having A^ and X, 
become large and the interval between X, and X2 be- 
come large. As a result, the intensity of the four-wave 
mixing light (X3) becomes small. 
[0033] This means a trade-off between broadening 
the extraction band and increasing the intensity of the 
extracted four-wave mixing light (A^ or X 4 ). 
[0034] Comparing to an optical bandpass filter having 
a fixed center wavelength, an optical bandpass filter 
having a variable center wavelength has a broader ex- 
traction band (it is difficult to obtain a filter having a nar- 
row extraction band) and a greater loss. 
[0035] Therefore, the present invention is character- 
ized in that the optical bandpass filter 8 has a fixed cent- 
er wavelength (viz. has a narrow extraction band and 
lower loss). 

[0036] In the present invention, an optical bandpass 
filter having a fixed center wavelength is used as the 
optical bandpass filter 8. If the wavelengths X, and Xg 
of the light beams emitted from the light sources 1 and 
2 are fixed, one may choose a bandpass filter having a 
center wavelength fitting either one of the fixed wave- 
lengths X 1 and A2. 

[0037] However, the wavelengths of the light beams 
from the light sources 1 and 2 may be changed. There- 
fore, in the present Invention, at least one of the wave- 
lengths X 1 and X2 of the light beams from the two light 
sources 1 and 2 may be adjusted so that the four-wave 
mixing light (X3) coincides with the fixed center wave- 
length of the optical bandpass filter 8. 
[0038] Also, the ratio of the intensity of the light beams 
from the two light sources 1 and 2 may be adjusted to 
approximately 2:1 (X, : X2 = 2 : 1 or X, : A^ = 1 : 2). 
Whereby any measurable variations are not caused in 
frequency under observation. 

[0039] Accordingly, the optical fiber chromatic disper- 
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sion distribution measuring apparatus according to the 
invention can realize measurement with high measure- 
ment sensitivity by using simple configuration. 
[0040] Since the insertion loss of the optical bandpass 
filter having the fixed center wavelength is about 5 dB, 
an improvement is about 5 dB in comparison with an 
optical bandpass filter having a variable center wave- 
length, the insertion loss of which is 10 dB. 
[0041] According to the invention, there is provided 
an optical fiber chromatic dispersion distribution meas- 
uring apparatus for measuring the chromatic dispersion 
distribution of an optical fiber under test comprising two 
light sources at least one of which can change wave- 
length thereof, wherein light beams having different 
wavelengths from each other and emitted from the two 
light sources are inputted to the optical fiber under test 
to measure a four-wave mixing light beam generated by 
interaction of backscatlered light beams of the two light 
beams by optical time domain reflectometer (OTDR), 
and 

wherein an optical bandpass filter having a fixed 
center wavelength is provided at a previous stage of the 
optical time domain reflectometer (OTDR). Thus, an op- 
tical fiber chromatic dispersion distribution measuring 
apparatus having high measurement sensitivity and en- 
abling to change interval between wavelengths of the 
two inputted wavelengths can be obtained with simple 
configuration. 

[0042] According to the Invention, a coupler for com- 
bining the light beams from at least two light sources 
and an optical amplifier for amplifying the mixed light 
beam is disposed botwecn the two lightsourccs and the 
optical fiber under test, and further a directional coupler 
for outputting the light beams from the two light sources 
to the optical fiber under test and outputting a light beam 
from the optical fiber under test to the optical bandpass 
filter having the fixed center wavelength is disposed at 
a previous stage of the optical fiber under test. Thus, 
even if a optical amplifier for compensating a loss due 
to insertion of the bandpass filter is not used, the optical 
fiber chromatic dispersion distribution measruing appa- 
ratus having well measurement sensitivity can be ob- 
tained. 

[0043] According to the invention, the four-wave mix- 
ing light beam measured by the optical time domain re- 
flectometer (OTDR) may be one of light beams gener- 
ated in lower side and higher side than the wavelengths 
of the light beams from thetwo light source, respectively. 
Thus, setting of the optical bandpass filter is facilitated. 
[0044] According to the invention, there is provided 
an optical fiber chromatic dispersion distribution meas- 
uring method for measuring the wavelength dispersion 
in which there is provided two light sources at least one 
of which can change wavelength thereof; and light 
beams having different wavelengths from each other 
and emitted from the two light sources are inputted to 
the optical fiber under test to measure a four-wave mix- 
ing light beam generated by interaction of back scat- 



tered light beams of the two light beams by optical time 
domain roflcctomotor (OTDR), 

comprising the steps of adjusting at least one of 
wavelengths of light beams from the two light sources 

s which can change the wavelengths thereof so that the 
four-wave mixing light beam becomes the center wave- 
length of the optical bandpass filter. Thus, even if the 
wavelengths of the light beams from the two light sourc- 
es are changed, the optical fiber dispersion can be 

w measured without lowering the measurement sensitivi- 
ty 

[0045] According to the invention, both wavelengths 
of the light beams from the two light sources which can 
change the wavelengths thereof is adjusted so that the 

'« wavelength of the four-wave mixing light beam becomes 
the center wavelength of the optical bandpass filter hav- 
ing the fixed center wavelength. Whereby the wave- 
length of the four-wave mixing light beam is matched to 
the center wavelength of the optical bandpass filter 

20 more freely. 

[0046] According to the invention, both wavelengths 
of the light beams from the two light sources which can 
change the wavelength thereof are changed while hold- 
ing interval between the wavelengths of the light beams 

25 from the two light sources so that the wavelength of the 
four-wave mixing light beam becomes the center wave- 
length of the optical bandpass filter having the fixed 
center wavelength. Whereby adjustment can be done 
while holding the Intensity of the four-wave mixing light 

30 beam constant. 

[0047] According to the invention, ratio of the intensity 
of the light beams from the two light sources at least one 
of which can change the wavelength thereof may be ad- 
justed approximately 2:1 (whichever of the values 2 and 

35 1 may be taken by light of the shorter wavelength). 
Whereby the optical fiber wavelength dispersion can be 
measured without any measurable variations in fre- 
quency under observation 



Claims 

1. An optical fiber chromatic dispersion distribution 
measuring apparatus comprising: 

43 

two lightsourccs for outputting light beams hav- 
ing different wavelengths from each other, re- 
spectively, to an optical fiber under test; 
an optical time domain reflectometer for meas- 
so urlng four-wave mixing light beams generated 

by an interaction of the light beams inputted to 
the optical fiber undertest; and 
an optical bandpass filter having a fixed center 
wavelength, 

wherein at least one of the two light source Is a 
tunable light source; 

the optical bandpass filter is disposed at a pre- 
vious stage of the optical time domain reflec- 
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tometer. 



filter. 



2. An optical fiber chromatic dispersion distribution 
measuring apparatus comprising: 

two light sources for outputting CW light beams 
having different wavelengths from each other, 
respectively; 

an optical coupler for combining a plurality of 

light beams; 

a modulator; 

an optical fiber amplifier; 

a directional coupler; 

an optical fiber under test; 

an optical bandpass filter having a fixed center 

wavelength, and 

an optical time domain reflectometer; 
wherein at least one of the two light source is a 
tunable light source; 

the two light sources output the CW light beams 
to the optical coupler; 

the optical coupler combines the CW light 
beams and outputs the combined CW light 
beams to the modulator; 
the modulator modulates the CW light beams 
inputted from the optical coupler to generate 
pulse light beams having different wavelengths 
from each other and outputs the pulse light 
beams to the optical fiber amplifier; 
the optical fiber amplifier amplifies the pulse 
light beams and outputs the amplified pulse 
light beams to the directional coupler; 
the directional coupler outputs the pulse light 
beams inputted from the optical fiber amplifier 
to the optical fiber under test and outputs a light 
beam inputted from the optical fiber under test 
to the optical bandpass filter; 
four-wave mixing light beams are generated in 
the optical fiber under tost duo to an interaction 
of the light beams inputted from the directional 
coupler and is outputted to the directional cou- 
pler; 

the optical bandpass filter extracts a light beam 
within a specific band from the light beam in- 
putted from the directional coupler and outputs 
the extracted light beam to the optical time do- 
main refelectometer; and 
the optical time domain reflectometer meas- 
ures the chromatic dispersion distribution of the 
extracted light beam. 

3. The apparatus according to claim 2, wherein the 
four-wave mixing light beams are a light beam gen- 
erated In lower frequency side than the pulse light 
beams and a light beam generated in higher fre- 
quency side than the pulse light beams; and 

only one of the four-wave mixing light beams 
is within the specific band of the optical bandpass 



4. An optical fiber chromatic dispersion distribution 
measuring method comprising the steps of: 

5 

outputting two light beams having different 
wavelengths from each other, respectively, to 
an optical fiber under test; 
generatingtwo four-wave mixing light beams in 
io the optical fiber under test; 

measuring one of the two four-wave mixing light 
beams to obtain the chromatic dispersion dis- 
tribution of the optical fiber under test. 

'5 5. An optical fiber chromatic dispersion distribution 
measurement method comprising the steps of: 

outputting two CW light beams having different 
wavelengths from each other; 

20 combining the CW light beams; 

modulating the CW light beams to generate two 
pulse light beams having the different wave- 
lengths from each other; 
amplifying the pulse light beams; 

25 inputting the pulse light beams to an optical fib- 

er under test to generate two four-wave mixing 
light beams; 

extracting one of the four-wave mixing light 
beams; and 

30 measuring the o ne of the f ou r-wave mixing light 

beams to obtain the chromatic dispersion dis- 
tribution of the optical fiber under tost 

6. The method according to claim 5, further compris- 
35 ing the steps of adjusting both wavelengths of the 

two light beams so that wavelength of the one of the 
four-wave mixing light beams coincides with a cent- 
er wavelength of an optical bandpass filter having 
a fixed center wavelength for executing theextract- 
*o ing step. 

7. The method according to claim 6, wherein interval 
between the wavelengths of the two CW light 
beams is held in the adjusting step. 

45 

8. The method according to claim 5, wherein ratio of 
the intensity of the two CW light beams is approxi- 
mately 2:1 . 
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